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. OPTICAL SYSTEM AND OPTICAL INSTRUMENT 
WITH DIFFRACT I VE OPTICAL. ELEMENT 

FIEL D OF THE INVENTION AND RELATED ART 

This is a eont i nuat i on^- in-pa r t application of 
U.S. patent application, Serial No- 09/019,697 filed 
February 6, 1998. 

Tliis invention relates to an optical system, 
optical unit or optical instrument with a dif f ractive 
optical element . 

Many .proposals have recently been made with 
respect to an optical system with a dif f ractive 
optical element, such as, for example, a Fresnel zone 
plate/ a diffraction, grating or a hologram. 

A dif f ractive optical element may fie used as 
an optical element for transforming a received wave 
front into a predetermined wave front- Such a 
dif f ractive optical element has unique characteristics 
not provided by a refraction type lens. For example, 
it has a dispersion value inverse to that of a 
refraction type lens, and also it has no substantial 
thickness. Thus, an optical system can he made 
compact . 

For manufacture of a binary type diff ractive 
optical element which is one of phase type diffraction 
gratings, a semiconductor device manufacturing 
technique is applicable to it, and a grating of fine 



pi ten can be produced relatively easily- For this 
reason, many studies have been made directed to a 
binary type diffract ive optical element with blazed 
shape being approximated by a step-like structure. 
5 A2-"7 Figure 1 shows a binary type diffractive 

optical element. This binary type diffractive optical 
element has a\iffractive optical surface 204, having 
been formed by removing, from the shape of a flat- 
convex type r6f racMon lens 201 (Figure 1, (A)), 
10 portions that providX an optical path difference 
corresponding to. n times the wavelength (n is an 
integer), and by quantiz^mg the shape of a resultant 
diffractive optical element 202 (with shape shown in 
figure 1, (h)) with a thickness corresponding to a 
15 fraction of the wavelength so that the shape is 

approximated with a stepvlike sw^tuYe such as shown 
in Figure 1, (C) . 

In Figure 1, denoted aV^yOBk and 205 each is a 
transparent substrate on which a diffractive optical 
20 surface 202 or 204 with fine shape is formed. 

Figure 2 illustrates manufacturing processes 
for a known binary type diffractive optical element 
having four-step (level) structure- DenotedXin the 
drawing at 300 is a transparent glass substrarfe 
25 (refractivity: n), and denoted at 301 is a resist. 

Denoted at 302 is a mask to be used for a first \ 
exposure , and denoted at 303 or 306 is exposure ligsht. 
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Itere, the resist 301 comprises a positive type resist. 
g,U.£> A2- \^ First, in process A, the pattern of the mask 

CO^tD* 302 \s transferred onto the resist 301 by means of 

exposure light 303* In process B, development of the 
5 resist 3(04 isf performed and, in process C, etching of 
the glasju^bstrate 300 is executed. Then, in process 
D, unn^9bary resist material on the glass substrate 
300 is removed, whereby a binary type diffractive 
optical element with two-step (level) structure is 



10 completed. 

Here, the depth dl of etching is determined 

by: 



dl = 

2(n-l) 

15 where A is the wavelength used with the binary type 

diffractive optical element. 
jQjfe. A3- "7 Subsequently, a resist 304 is again applied 

to the glass substrate 300 having a binary type 

diffractive optical element with two-level structure 
20 formed thereon, and \ process E a second exposure is 

performed by use of a ma^k 305- The pattern of the 



mask 305 has a pitch a half of that of the pattern of 
the mask 302. The exposure is p^rj^ined while 
accurately registering the edge g^/ai light blocking 
25 portion of the mask 305 with the edge V the two-level 
binary structure. Then, after developing\rocess in 
process F, a resist pattern such as illustrated is 
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>vided • . 

Subsequently, in process G, a second etching 
process^xs performed and, in process H , unnecessary 
resist material is removed, whereby a binary type 
diffractiveNoptical element with four-step (level) 
structure is ff^compllshed „ Here, the depth d2 of 
etching defined by the second etching process is 
determined by: 

d2 . -J*_ 



4(n-l) 

These processes ar^ concerned with four— level 
structure and, as is well knowV by repeating these 
processes, a binary type diffractiye optical element 
of eight-level or sixteen-level structure can be 
produced. 

In *the above-described method the number of 
steps (levels) that can be formed is limited to 2 n (n 
is a natural number) , but by selecting, the number of 
masks used and the pattern line width suitably, a 
binary type diffractive optical element with a desired 
number of levels can be produced. 
< <jUS-A4' ~7 'B^e approximation of step-like shape may lead 

to a small de^p^ase of diffraction efficiency. 
Practically, howevei^a diffraction efficiency of 
25 about 95% (with eight -stej^apprjdfc^mat ion ) or about 99% 
(with six-teen- step approximat ra^)v will be attainable, 
and there will be no practical problem 



* Many advantages will be provided, as 

described, with use of a diffractive optical element 
in a portion of an optical system. However, as 
regards a diffractive optical element, particularly, a 
binary type diffractive optical element, in many cases 
a parallel flat plate is used as a substrate of the 
diffractive optical element - This is mainly because 
of ease of manufacture. Generally/ the thickness of 
such substrate is small. Also, when a diffractive 
optical element is used in an optical system, 
particularly; in a projection optical system of a 
semiconductor device manuf acturing apparatus such as < a 
stepper, the effective diameter of the diffractive 
opt i cal element may become very large to meet an 
increase of numerical aperture ( NA ) . For a 
diffractive optical element of a large effective 
diameter arid with a small thickness substrate, there 
is a possibility of deformation of the diffractive 
optical element due to its weight or deformation of 
the same when it is mounted in a barrel- It may cause 
degradation of imaging performance, 

S UMMARY OF THE INVENTION 

It is an object of the present invention to 
provide an optical system or an optical unit by which 
degradation of optical performance is reduced even . 
when a diffractive optical element of large effective 



diameter and small thickness is used. 

In accordance with an aspect of the present 
invention, there is provided an optical system, 
comprising: a dif tractive optical element having a 
diffractive optical surface; and means for preventing 
a change in optical performance of said optical system 
due to deformation of said diffractive optical element 
produced when said diffractive. optical element is 
provided in said optical system/ 

In accordance with another aspect of the 
present invention, there is provided an optical unit, 
comprising: a diffractive optical element having a 
diffractive optical surface; and a reinforcing member 
connected to said diffractive optical element 
substantially without damaging the function of said 
diffractive optical surface. 

In accordance with a further aspect of the 
present invention, there is provided an optical 
instrument, comprising; an optical system/said 
optical system including (i) a diffractive optical 
element having a diffractive optical surface, and (ii) 
means for preventing a change in optical performance 
of said optical system due to deformation of said 
diffractive optical element produced when said 
diffractive optical element is provided in said 
optical system; and means for holding said optical 
system in said optical instrument. 



In accordance with a still further aspect of 
the present invention, there is provided an optical 
instrument, comprising-: an optical unit, said optical 
unit including (i) a. diffractive optical element 
having a diffractive optical surface, and (ii) a 
reinforcing member connected to said diffractive 
optical element substantially without damaging the 
function of said diffractive optical surface; and 
means for holding said optical unit in said optical 
instrument. 

In accordance with a yet further aspect of 
the present invention, there is provided a projection 
exposure apparatus, comprising: an illumination 
optical system for illuminating a pattern formed on a 
mask; and a projection optical system for projecting 
the pattern of the mask onto a wafer, said projection 
optical system including (i) a diffractive optical 
element having a diffractive optical surface, and (ii) 
means for preventing a change in optical performance 
of said projection optical system due to deformation 
of said diffractive optical element produced when said 
diffractive optical element is provided in said 
projection optical system. 

In accordance with a yet further aspect of 
the present invention, there is provided a projection 
exposure apparatus, comprising: .an illumination 
optical system for illuminating a pattern formed on a 



mask; and a projection optical system fox projecting 
the pattern of the mask onto a wafer, said projection 
optical system including (i) a diffractive optical 
element having a diffractive optical surface, and (ii) 
a reinforcing member connected to said diffraetive 
optical element substantially without damaging the 
function of said diffraetive optical surface. 

in accordance with another aspect of the 
present invention, there is provided a device 
manufacturing method including a process for 
transferring, through projection exposure, a pattern 
of a mask onto a wafer by use of a projection exposure 
apparatus as recited above. 

In accordance with a further aspect of the 
present invention, there is provided a device 
manufacturing method, comprising the steps of: 
transferring, through projection exposure, a pattern 
of a mask onto a wafer by use of a projection exposure 
apparatus as recited above; and developing the wafer 
having been exposed. 

These and other objects, features and 
advantages of the present invention will become more 
apparent upon a consideration of the following 
description of the preferred embodiments of the 
present invention taken in conjunction with the 
accompanying drawings- 
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BRIEF DESCRIPTION OF THE DRAWINGS • ' 

Figure 1 is a schematic view for explaining a 
binary type diffractive optical element. 

Figure 2 is a schematic view for explaining 
5 processes for manufacturing . a binary type diffract ive 
optical element. % 
Figure 3 is a schematic view of a main , 
portion of a diffractive optical element according to 
a first embodiment of the present invention, 
Q 10 Figure 4 is a . schematic view for explaining 

deformation of. a substrate by weight- 
Figure 5 is a schematic view for explaining 
deformation of a diffractive optical element by 
§0 .weight* . r c 

rr - . i 5 ••• Figure 6 is a schematic view of an optical 

2f system corresponding to numerical examples . ...... * 

y!| , / Figures 7A - 7C show aberrations 

M corresponding to numerical examples* 

Figures 8A and 8B are schematic views, 
20 respectively, of a main portion of a diffractive 

optical element according to a second embodiment of 
the present invention. 

Figure 9 is a schematic view of a main 
portion of an' exposure apparatus having an optical 
25 unit according to the first or second embodiment of 
the present invention . 

Figure 10 is a perspective view of an optical 



unit: according to another embodiment of the present 
invention. , 

Figure 11 is a sectional view of the optical 
unit of the Figure 10 embodiment. 

Figure 12 is a sectional view of an optical 
unit according to another embodiment of the present 
invention. 

Figure 13 is a sectional view of an optical 
unit according to a further embodiment of the present 
invention. 

Figure 14 is a sectional view of an optical 
unit according to a further embodiment of the present 
invention. 

Figure 15 is a schematic view of a main 
portion of an exposure apparatus with an optical unit 
according to one of the embodiments of Figures 10 - 
14. 

Figure 16 is a flow chart for explaining 
semiconductor device manufacturing processes. 

Figure 17 is a flow chart for explaining 
details of a wafer process included in the procedure 
of Figure 16. 

Figure 18 is a schematic view for explaining 
a structure and a function thereof . according to 
another embodiment of the present invention. 

Figures 19A, 19B, 19C and 19D are schematic 
views, respectively, for explaining examples according 



-to the embodiment of Figure 18. 

Figure 20 is a schematic view for explaining 

3 structure and a function thereof, according to a 

further embodiment of the present invention- 
Figures 21A and 2 IB are schematic views, 

respectively, for explaining . examples according to the 

embodiment of Figure 20. 

Figure 22 is a schematic view for explaining 

a bonding process for the embodiments of Figures 18 

and 20 « 

Figures 23a and 23B are schematic views, 
respectively, for explaining a structure and a 
function thereof, according to a still further 
embodiment of the present invention. 

Figures 2 4A and 24B are schematic views, 
respectively, for explaining a structure and a 
function thereof, according to a yet further 
embodiment of the present invention. 

Figures 25A, 25B, 25C, 25D, 25E and 25F are 
schematic views, respectively, for explaining examples 
according to the embodiment of Figures 24A and 24B. 

Figure 2 6 is a schematic view of a 
dif tractive optical element according to a further 
embodiment of the present invention/ 

Figures 27 and 28 are enlarged and sectional 
views, respectively, for explaining examples of 
bonding at the bonding area. 



•12- 



Figure 29 is a sectional view of a bonding 

device. 

Figures 30A and 30B are schematic views, 
respectively, for explaining a reaction process . 
5 Figure 31 is a schematic view for explaining 

a micro-structure. • 

Figures 32 and 33 are schematic views, 
respectively, for explaining a reaction process. 
A 5 7 Figures » ,35, 3 6 3 7 ^ ^ 4 0 -^ 

10 qjrhcmnr i r nri pt i t^ t — mgc i&etivelyr lor explaining 

o^-Htyontrrng . 



"I* a 



Figure 41 is a schematic and side view for 
explaining the bottom surface processing. 

Figures 42, 43, 44, 45, 46, 47, 48, 49, 50, 
15 51, 52, 53, 54, 55, 56, and 57 are schematic and 

sectional views, respectively, of diffractive optical 
elements according to further embodiments of the 
present invention, respectively. 

Figure 58 is a schematic view of an optical 
20 . arrangement in an exposure apparatus. 

Figure 59 is a schematic view of a bonding 
device according to an embodiment of the present 
invention. 

g\x& R.i.anrn £ > o jjd -a--^c Jiematic view f or pyr>1 ri . inTi i ng 

25 ^ a bx^drrrg- operation: * 

Figure 61 is a flow chart of the bonding 
/ operation. 
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Figures 62 and 63 are schematic views, 
respectively, for explaining examples of alignment 
marks - 

Figures 64 , 65, 66, 67, 68, and 69 are 
5 schematic and sectional views^ respectively, of 

examples of bonding devices, according to the present 
invention. 

Figures 70, '71, 72 and 73 are side views, 
respectively, of examples of compound optic elements- 
10 Figures 74 and 75 are schematic and sectional 

views, respectively, of bonding devices according to 
further embodiments of the present invention, 
respectively. 
m ■. . ■ - 

^ 15 DESCRIPTION OF THE PREFERRED EMBODIMENTS 



a,~ s. 



^jQ^Tl^y figure 3 is a sectional view of a main 

portion of avf irst embodiment of the present 
invention. Demoted in the drawing at 101 is a 
diffractive optical element, wherein a diffractive 

20 optical surface is^-nned on a transparent substrate 
,104. Denoted at 102 is^a correction optical element 
for correcting or compensating a change in optical 
characteristic of the dif f ractWeioft teal element 101 




due to deformation by weight of iybe same. The 
25 correction optical element 102 comprises transparent 
substrate 106 having an aspherical surface 103 of 
revolutionally symmetrical shape with respect to an 



An important feature of this embodiment 
resides in that aberrations produced, by d e format ion _of 
the diffractive optical element 101 (hereinafter also 
referred to as "diff ractive substrate 11 J , such as 
deformation by gravity or deformation by fixation with 
a barrel, for example, are corrected by the correction 
optical element 102 with aspherical surface, disposed 
adjacent to the diff ractive optical element. 

Features of the optical system with 
diff ractive optical element of this embodiment will be 
described below in detail. First, a simple model is 
used to determine the amount of deformation of the 
substrate by its weight- Deformation in a case where 
a uniform load is applied to a thin circular plate in 
a direction perpendicular thereto, can be calculated 
by using a formula which is obtainable theoretically. 
In this example, the amount of deformation is 
calculated with respect to a simple case of periphery 
simple support (no slide restriction) . 

Figure 4/ portion (A), shows a substrate 
which comprises a thin circular plate 401 (parallel 
flat plate) without deformation. Here, denoted at a 
is the distance from the optical axis 105, that is, 
the radius (mm) of the plate 401. Denoted at t is the 
thickness thereof. Figure 4, portion (B), shows the 
circular plate 404 as being deformed. Denoted at w is 



the amount of deformation (mm) in the direction of 
thickness t- 

As is known in the art and as seen from the. 



distance h from the optical axis 105 can he calculated 



w(h) = [3(l-l/ 2 jp/16Et 3 ](a 2 -h 2 ){:[(5+V)/( f l + M)]a / 2 / -h 2 ^ 



ratio [dimensionless] , p is load per unit area 
[N/mm 2 ], a is radius of circular plate [mm] , t is 
thickness [mm], and h is radius coordinate [mm]. 

If discussion is limited to deformation by 
weight, the load p, per unit area is given by the 
following equation, with density being expressed by p 
[Kg/mm 3 ] : 

p = 9.81/>t [N/mm 2 ] ...(2). 

Substituting property values of fused silica/ 
for example, into equation (1), such as follows: 
E = 7.31xl0 4 [N/mm 2 ] - 
V = 0 .170 

p = 2,22xl0~ 6 [Kg/mm 3 ] (3) 

then, from equation (1), the amount of deformation w 
can t>e expressed as a quartic function of radius b, as 
follows : 

W = Ctl+<t2-h 2 +a3-h 4 [mm] . ■ (4) 



above drawing / the amount of deformation w at a 



in accordance with the following equation: 




If the radius a of the plate 401 is a = 75 
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[mm] and the thickness t is t = 1 [mm] , the 
coefficients of equation (.4) are given as follows: 
Oil = 7. 58e^3 
ft 2 = -1.65e-6 

5 CL3 = 5, 42e-ll ...(5) 

in this embodiment, the influence of a change 
in shape oAthe substrate 401 due to deformation by 
weight is considered, and a chaxige in phase 
distribution fWction of diffract ive optical element 
IS 10 is disregarded, \This is because the amount of 

deformation by weight in a direction perpendicular to 
the direction of graVy force is generally at a low 
level that can be disregarded, as compared with the 
amount of deformation inNthidirection of gravity 
15 force. For example, as sl^Wn in Figure 5, portion 

■(B)-, a diffractive optical element 502 being deformed 
has approximately the same pitch (e.g., pitch p) as 



m 



the pitch of phase distribution function of the 
diffractive optical element 101 (Figure 5, portion 

20 (A)) before deformation by weight* T^his means that 

the position in the radius direction r>of each ring 
boundary is unchanged before and after trrc 
deformation. 

Since deformation, by weight, of opt^Lcal 

25 elements other than the diffractive optical element 
101 can be disregarded, the influence of deformation 
of the diffractive optical element in the optical 



system appears as a change in surface shape of the 
substrate 104 and a change in surface interval before 
and after the substrate 104, Here, the surfaces of 
the diff^active optical element 101 are denoted by s 
and s + 1, and\lt is assumed that the diffractive 
optical element\101 is formed on the surface s (in 
this embodiment, s\= 1).. Also, the surface interval 
between the sufistratkl04 of the diffractive optical 
element 101 and the corretg^ion optical element 102 is 
here denoted as dsfl ( se^ Bigs - 3 ) , 

The substrate shape of the first and second 
surfaces of the substrate 104 areNexpressed in general 
formula of an aspherical surface, as^ollows: 
x = {ch 2 /[lWl-(l+k)cV]]+Ah 4 +Bh 6 + \, 

where c is the paraxial curvature radius of the 
surface/ x is the coordinate in the optical axis 
direction (thickness t direction), and k, A, B, ... 
are aspherical coefficients. 

Here, if k (conical constant) = -1, the 
surface shape x after deformation by weight can be 
given as follows: 

x: = (c/2)h 2 +Ah 4 ...(7) 
Comparing it with equation (4), it follows that: 

c/2 = A2, and A = CL3 ...(8) 
Also, the amount of change Ads of the surface interval 
ds+1 can be considered in direct association with the 



maximum amount of change (CCD due to deformation by 
weight , 

In this manner, the amount of surface 
deformation W of the diffractive optical element as 
well as the amount of change Ads of the surface 
interval ds+1, due to deformation by weight, can be 
determined- For correction of a change in imaging 
performance resulting from such surface deformation 
and a change of surface interval, the correction 
optical element 102 is disposed in the vicinity of the 
diffractive optical element. Alternatively, it may be 
disposed after deformation by weight is produced. By 
setting the aspherical surface amount suitably, 
adverse effect of deformation by weight to the imaging 
performance can be prevented - 

Specific numerical examples according to this 
embodiment will be described below. Figure 6 is a 
schematic view of an example of an optical system 
according to this embodiment- Denoted in the drawing 
at 601 is a diffractive optical element, and denoted 
at 602 is a correction optical element- Denoted at 
603 is an optical axis, and denoted at 604 is a 
surface of the correction optical element 602 where an 
aspherical surface i s to he formed- Denoted at 605 is 
an on- ax is light flux. 

^' Numerical example 1. below, shows numerical 

data of the optical system in a state where there is 



no def brmation of diff rac:tive optical element 601 by 
weight. In the numerical example, r^ denotes the 
curvature radius of the i-th surface, d ± denotes the 
spacing. between the i-th surface and the (i-l)th 
surface, and n is the ref ractivity. Figure 7A 
illustrates imaging performance corresponding to this 
example, ttie imaging performance being illustrated 
with respect to spherical aberration. In this case, 
the substrate of the dif tractive optical element 601 
comprises a parallel flat plate; and deformation by 
weight is not considered- Also, no aspherical surface 
is provided, at this stage, on the correction optical 
element 602. The coefficients of phase distribution 
function .in tiie numerical example are defined as 
follows: 

f(h) = al»h 2 +a2«h 4 +a3»h 6 +a4»h 8 + , , , 
g(h) - 27t/V f (h) 
wherein 

f(h) is optical path length function; 
g(h) is phase distribution function; 
al , a2 w a3, a4 , . ... are coefficients of phase 
polynomial; and 

^ is wavelength. 

[Numerical Example 1] 

Object Distance = Infinite, ^=248 nm 



i 
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! 0 1*0 n=l. -508456 (silica) 

2 0 5.0 

3 o 10,0 n=l- 508456 (silica) 

4 0 ) 

5 • • 

Coefficients Phase Distribution Function of 
Dif fractive Optical Element 

i al a2 a3 a4 

1 -0.00333 0.359917^-7 -0.74132e-12 0. 140112e-16 
10 . 

SU&A'TT N^xt. a case where there is deformation fcy 

weight produced in the dif fractive optical element 601 
and .where degradation of imaging performance due to 
the influence ofVdef ormatipn has not yet corrected fry 

15 the aspherical surface provided on the correction 
optical element 602 ,\will t>e described- Numerical 
example 2 below shows numerical data of the optical 
system in such case, andVigure 7B shows corresponding 
imaging performance. Thus \ in accordance with 

20 equations (4) and (8), the d^#J^§*ive optical element 
601 and the surface spacing ds+jkare deformed or 
changed. Also, there is no aspherical surface 
provided at this stage on the correction optical 
element 602, As seen from Figure 7B, spherical 

25 aberration becomes worse, as a result of\def ormation 
by weight of the dif fractive optical element. 



n=l. 508456 (silica) 
n=l. 508456' .('silica) 

Coefficients Phase Distribution Function, of . 

Diffractive Optical Element 

i al a2 a3 a4 

1 -0.00333 0,359917e-7 -0.74132e-12 0. 1401l2e-l6 

Aspheri cal Coefficients 
i K A 

1 -1.0 0.54246e-l0 

2 -1.0 0.54246e-10 

Numerical Example 3 below shows numerical 
data of the optical system wherein, to the effect of 
deformation by weight of the diffractive optical 
element 601, an aspherical surface is defined on one 
surface 604 of the correction optical element 602, 
disposed adjacent to the diffractive optical element/ 
to correct the imaging performance. Figure 7C shows 
spherical ' aberration, in this example. As seen from 
the drawing, the effect of deformation by weight of 



[Numerical Example 2] 

Object Distance = Infinite 

i *i d i 

1 -302396.4251 1.0 

2 -302396.4251 4.992416 

3 0 ] 10,0 

4 0 



the diff rective optical element 601 can be corrected 
satisfactorily. 

[Numerical Example 3] 
Object Distance = Infinite 

i ■ " d i 

1 -302396-4251 1-0 n=l- 508456 (silica) 

2 -302396*4251 4.992416 

3 o 10-0 n=l - 508456 (silica) 

4 0 

Coefficients Phase Distribution Function of 

Diffractive Optical Element 

i al a2 a3 a4 

1 -0.00333 0.359917e-7 ^0.74132e-l2 0.140112e T l 

Aspherical Coefficients 

i K A B G 

1 -1.0 0.54246e-10 

2 -1.0 0.54246e-10 

3 -l.O -0.157455e-9 0 . 60 1 459e- 1 3 -0-13i30e 
3 D 

0.102233e-20 



Figures 8A and 8B are schematic views of an 
optical system with a diffractive optical element, 
according to a second embodiment of the present 
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invention. Figure SA corresponds to'-a case where an 
aspherical surface is provided on the bottom surface 
of the correction optical element 102 (Figure 3), and 
Figure 8B corresponds to a case where there are plural 
5 correction optical elements. 

Denoted in -these drawings at 801 and 810 are 
diffractive optical elements having been deformed by 
weight. Denoted at 802 and 811 are correction optical 
elements- Denoted at 805 is an optical axis, and 
10 denoted at 803, 806 and 807 are aspherical portions. 

Denoted at 804, 808 and 809 are substrate portions of 
ij the correction optical elements. 

%l $LX& 7 -Htoth surfaces of the substrate 804 may , be 

^ formed into \spherical surfaces. It is to be noted 

CI 15 that the aspherical surface may not always be. 

si X 

m revolutionally symmetrical with respect to the optical 



.c;:t. 



axis. Any aspherical\surf ace shape may be used, 
provided that the shapeNls effective to compensate 
deformation of the dif f ract^S^ve optical element. Also, 

20 substantially tne same advantageous Aresults will be 
attainable when the structure of t;Jais embodiment 
described above are incorporated intoNa portion of an 
optical arrangement including optical sykeras in 
addition to a diffractive optical element and a 

25 correction optical element. For example, a correction 
optical element for compensating the effect of 
deformation by weight of a diffractive optical elemei 
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10 



15 



20 



25 



ly be disposed in proximity -to a portion of an 
imagxirg-**Qptical system, having plural optical 
elements, wher^^^he diffrdctive optical element is 
provided. Similar ef^f-ecti^f correcting degradation 
of imaging performance arfe >coyided in this case, like 
the embodiment described above . 

While the present embodiment has been 
described with reference to an example where a 
diffractive optical element has a positive refracting 



power, the diffractive 



optical element may have a 
negative refracting power. 

Also, while in the embodiments described, 
deformation of a diffrkctive optical element has been 
described with reference to "deformation by weight", 
the present invention jis similarly applicable also to 



correc 



cting other deformation of a substrate of the 



diffractive optical el 



.ement, sucb as deformation 
produced when the difffractive optical element is fixed 
to a barrel, for exampjie 

Figure 9 is a| schematic view of a main 
portion of a projection exposure apparatus for 
manufacture of semiconductor devices, according to a 
third embodiment of tlJe present invention, into which 
an optical system having a diffractive optical element 
is incorporated. In tlhis example , a reticle R is 
illuminated with exposure light from an illumination 
system ER, and a circuit pattern of the reticle R is 
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projected by a projection optical system TL onto a 
wafer W surface. Here, the projection optical system 
TL includes an optical unit BO having a diffractive 
optical element and a correction optical element. 
5 A known development process is then performed to the 

exposed wafer, and semiconductor devices are produced. 
Sufc- 7 ^eqct, an optical unit having a dif f ractive 

optical elemei^t^^Qording j[o another embodiment of the 
present invention, will beifes^ribed 
G=l 10 Figure 10 is a perspective view of a 

l^j dif f ractive optical element with reinforcement, of an 

optical unit according to this embodiment, A 
dif f ractive optical surface 10a of blazed shape 

ys •/ * ' * * . . . 

Gp (Figure 11) is provided on one surface Of the 

£3 15 dif f ractive optical element 10. There is a 

reinforcing ring 11 of cylindrical shape, having a 
height larger than the thickness of the diffractive 
optical element 10 , which is in engagement with the 
circumferential portion of the diffractive optical 
20 element. The ring is adhered through optical contact, 

whereby adhesive force is assured. Figure 11 is a 
sectional view of the diffractive optical element 10 
with reinforcement. As shown in Figure 11 , the 
contact between the di ff ractive ■ optical element 10 and 
25 the reinforcement ring 11 is provided at a 

circumferential flat portion where no diffractive 
optical element structure (step structure) is formed. 



Tills facilitates uniform application of force for the 
adhesion. Also, since the adhesion between these 
elements is performed at the peripheral portion where 
no effective light is projected, the function of 
5 diffractive optical element 10 is not at all damaged. 
The strength is improved by unitized 
structure of the dif tractive optical element 10 and 
the reinforcement ring 11. Since the reinforcing ring 
11 has a cylindrical shape, the optical thickness at 

10 the central portion of the optical element through 

which light passes, corresponds just to the thickness 
of the diffractive optical element 10, Thus, when the 
structure is used as an optical element for anexcimer 
laser (in such case, a used light source has a 

15 narrowed band width, and absorption of light by the 
material is a critical problem) , it provides 
significant advantages of reduced length of 
transmissiye optical material and enhanced efficiency 
of utilization of light quantity. 

20 <§U&. A \2-J r PS^ure 12 shows an embodiment wherein a 
diffractive optJbal element 10 has a diffractive 
optical surface 10a, fafcecJ^downwaSrdiy , on the surface 
opposite to a reinforcing ringri^. The manner of 
unitization and advantageous results tRe<efrom are 

25 essentially the same as the preceding einbodimeh^ 

Figures 13 and 14 show embodiments wherein a 
reinforcing ring 11a, lib, respectively, has an inside 



surface, being formed with -taper. Also in these 
examples, from the standpoint of strength, it may 
preferably be disposed to provide a largest contact 
area for unitization with the dif f ractive optical 
element, while assuring on the other hand disposition 
not interfering with the light that passes the optical 
system. Namely, the reinforcing ring 11 may have an 
inner diameter the same as the effective diameter of 
the diffractive optical element 10, and also may have 
a slant face corresponding to the incidence angle of 
light at the peripheral portion. * 

The reinforcing ring 11, 11a or lib, 
respectively, may not always be made of the same 
material as the diffractive optical, element 10, 
provided that it has a similar thermal expansion 
coefficient- Also, a non- transparent material may be 
used- However, since any light that passes a region 
other than the effective diameter of the diffractive, 
optical element 10 is unwanted light, preferably the 
ring may perform light interception. 

The adhesion between the diffractive optical 
element 10; and the reinforcing ring 11, 11a, lib, 
respectively , is not limited to use of optical 
contact* An adhesive material may of course be used - 

Since manufacture of a diffractive optical 
element 10 of this embodiment requires fine 
processing (Figure 2), a similar procedure and similar 
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machines as in -the semiconductor device manufacturing 
processes will be us^d. For this reason, a 
diffractive optical element will be provided on a 
substrate of a thickness 0.625 mm to a few 
5 millimeters. A thin diffractive optical element 10 

will be formed into a device of outside shape of about 
100 - 200 mm, and then it will be mounted into a 
projection optical system of a semiconductor exposure 
apparatus- Thus, when the diffractive optical element 
10 is mounted, there is a large possibility of surface 

deformation produced by the weight of the diffractive 
optical element or surface deformation produced as a 
result of fixation^ In that occasion, design 
performance can not be provided, and image performance 
15 of the whole projection system is degraded. Thus, 

reinforcement of the diffractive optical element 10 as 
described above is very effective to prevent 
deformation by weight or by fixation. 

In this embodiment, a separate ring-like 
20 member is connected into an integral structure with 
the diffractive optical element, to reinforce the 
latter, whereby sufficient strength for preventing 
deformation is assured. This avoids deformation due 
to fixation, and desired imaging performance is 
25 provided- Also, since in this embodiment the 

thickness of glass material does not increase with the 
reinforcement, the structure is particularly effective 



for use in a projection optical system of a 
semiconductor exposure apparatus which uses an excimer 
laser of KrF or ArF where absorption by the glass 
material is critical, 

! Figure 15 is a schematic view of a main 
portion at a semiconductor exposure apparatus * wherein 
a dif tractive optical element 10 such as described 
above is incorporated into a projection optical 
system. A wafer W is placed on a stage 12 and, above 
the wafer W, there are a projection optical system 13, 
a reticle 15 as held by a holding table 14, an . 
illumination optical system (not shown); and a light 
source 16, which are disposed in this order. The 
diffractive optical element 10 may be mounted in the 
projection optical system 13 through a reinforcing 
ring 11/ or alternatively, it may be held by holding 
means (not shown) for holding a peripheral portion of 
the diffractive optical element 10 where the 
reinforcing ring 11 is adhered. 
g\AS 7 i& pattern of the reticle 15 is projected with 
light from th^light source 16 and through the 
projection opticar^srotem 13, on to the wafer W with 
precision. Here, since ^he- di f tractive optical 
element 10 has a function equivalent tA a lens having 
a very high ref ract ivity , as compareSKith an ordinary 
lens, use of the diffractive optical element is very 
effective for correction of aberrations. AlsoN^s 
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»gards correction of chromatic aberration, an example 
of crt*omatic aberration correction based on trie 
combination of a refraction lens and a diffractive 
optical element is shown in Japanese Laid-Open Patent 



v 5 Application, LVid-Open No. 242373/1994. Further, the 
diffractive optical element 10 may provide an 
aspherical surface\ffect, just by changing its pitch 
or shape . 

Figure 16 is a\f low chart of a procedure for 
10 manuf acture of microdevices such as semi conductor 

chips (e.g* ICs or LSIs), li^ciui^ crystal panels, or 
CCDs , f or example, by use of exposure apparatus 
such as shown in Figure 9 or 15 .\ 

Step 1 is a design process^for designing a 
.15 circuit of a semiconductor device. Step 2 is a 

process for making a mask on the basis\of the circuit 
pattern design. Step 3 is a process for< preparing a 
wafer by using a material such as silicon\ Step 4 is 
a wafer process (which is called a pre-process ) 
20 wherein, by using the so prepared mask and waier, 

circuits are practically formed on the wafer though 
lithography. Step 5 subsequent to this is an 
assembling step (which is called a post -process ) 
wherein the wafer having been processed by step 4 is 
25 formed into semiconductor chips- This step includes 
an assembling (dicing and bonding) process and a 
packaging (chip sealing) process. Step 6 is an 



inspection step wherein operation check, durability, 
chec^s^and so on for the semiconductor devices provided 
by step\ carried out. With these processes, 

semiconductor devices are completed and they are 
shipped ( step 7 JS 

Figure 17 is a flow chart showing details of 
the wafer process. Step 11 is an oxidation process 
for oxidizing the surface of a wafer. Step 12 Is a 
CVD process for forming an insulating film on the 
wafer surface. Step 13 is an electrode forming 
process for forming electrodes upon the wafer by vapor 
deposition- Step 14 is an ion implanting process for 
implanting ions to the wafer. Step 15 is a resist 
process for applying a resist (photosensitive 
material) to the wafer. Step 16 is an exposure 
process for printing^ by exposure, the circuit pattern 
of the mask on the wafer through the exposure 
apparatus described above. Step 17 is a developing 
process for developing the exposed wafer. Step 18 is 
an etching process for removing portions other than 
the developed resist image. Step 19 is a resist 
separation process for separating the resist material 
remaining on the wafer after being subjected to the 
etching process. By repeating these processes, 
circuit patterns are superposedly formed on the wafer. 

With these processes, high density 
microdevices can be manufactured. 



A diffractive.optical element of the present 
invention may tie applied not only to a projection 
optical system but also to an illumination system of a. 
semiconductor exposure apparatus, or an optical 
5 system of any other optical instrument. 
<JU& T ' ■D^&GEiP'tion "v^)Lll now be made to further 
embodiments ofe. the p r esely^ jjiven t 1 on « 

Some embodiments to be described below are 
directed to an optical element having two or more 

10 optical, members adhered or bonded together. In order 
to avoid creation of clearance due to an adhesive 
agent or degradation of flaWess resulting therefrom, 
one or both of bonding areas a^e provided with a 
groove which may function to redueeVa residual stress 

15 to be produced by a force applied by\the bonding. The 
groove may function to prevent creationv of clearance 
due to an adhesive agent jutted out or degradation of 
flatness resulting therefrom, or may functiok to 
assure that the bonding is performed only at tm 

20 groove portion. 

A diffractive optical element with a micro- 
structure may be produced on the basis of a 
lithographic process, as an integral structure with an 
optical member having a thickness, wherein one of or 

25 both of them may be formed with a groove by which 

deformation due to the weight or creation of residual 
stress and degradation of flatness can be prevented. 
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Specific examples of ■ th6 structure of an 
optical element according to the present invention 
will be described below* 

Figure 18 is a sectional view of a main 
5 portion of a further embodiment of the present 
invention. Denoted in the drawing at 1001 is a 
parallel plane plate made of quartz and having a 
thickness of 10 - 30 mm. Denoted at 1002 is a 
dif £ ractive optical element defined on a quartz wafer, 
10 and denoted at 1003 is an adhesive agent* The 
illustration is a sectional view taken along a 
diametrical direction passing through the : center of 
the parallel flat member 1001. 
5UG- 7 Figures 19A - 19D are schematic views, 

15 respect ivelyV each showing in enlargement the portion 
A of Figure is\ In these drawings , denoted at 1O03 is 
an adhesive agent /\and denoted at 1004 is a groove 
(groove for receivingSfche adhesive agent). In Figures 
19A and 19B, the diffradsive optical element 1002 is 
20 illustrated as being a fourtlevel binary optics which 
may be determined through appnomifetion based on 
quantization of a Kinoform. Howe^r, the invention is 
not limited to the quantization number (level number) 
of a binary optics. Thus, a Fresnel lens with a 
25 blazed shape may be used, with a result oj 

advantageous effects of the present invention 

Figure 22 illustrates the bonding process 



Denoted in this drawing at 1001 is a parallel plane 
substrate, and denoted at 1002 is a diffractive 
optical element defined on a quartz wafer. Denoted at 

1031 is a parallel plane plate holder, and denoted at. 
1032* is a diffractive optical element chuck- Denoted 
at 1033. is a protrusion (a) of ring-like shape, and 
denoted at 1034 is another protrusion (b) of ring-like 
shape- Denoted at 1035 is a discharging outlet port, 
and denoted at 1036 is a scope. The quartz wafer 1002 
is placed on the dif tractive optical element chuck 

1032 having a position measurement mark formed 
thereon, and the wafer is adjusted so that the center 
of the dif tractive optical element 1002 is aligned 
with the center of the chuck 1032, A negative 
pressure is applied from the outlet port 1035, by 
which the wafer is held there by attraction. The 
centering of the dif fractive optical element 1002 may 
be performed by using the pattern of the dif fractive 
optical element itself , or it may be made on the basis 
of a specific mark provided therefor. After 
completion of measurement , the scope 1036 is moved out 
of the bonding device to a place riot interfering with 
the bonding operation . Because of the ring-like 
protrusions (a) and (b) described above, the quartz 
wafer 1002 deforms into a convexed shape. Although 
the amount of deformation is practically small, it is 
illustrated with exaggeration for ease in 



understanding. The parallel plane plate holder 10 31 
is provided with a three -point: abutment 1037 so as to 
register the center of the substrate, as held by the 
holder, with the center of the chuck 1032, After 
completion of center alignment between the dif fractive 
optical element 1002 and the parallel plane plate 

1001, the plate 1001 is first brought into contact 
with the center of the dif fractive optical element 

1002. By releasing the pressure at the discharging 
outlet port 1035 gradually to the atmospheric 
pressure, the deformation is released so that the 
dif fractive optical element 1002 gradually contacts 
the parallel plane plate 1001, whereby they are 
directly bonded with each other - 

The dif fractive optical element 1002 defined 
on a quartz wafer is thus in optical contact to the 
parallel plane, member 1001. Here, the term optical 
contact refers to direct bonding of substrates without 
intervention of an adhesive agent or the like, and it 
may include vacuum bonding, for example. Here, the 
bonding surface may be formed with an anti -reflection 
( AR ) coating, for reducing reflection at the bonding 
surface. 

As shown in Figures 19A - 19D, the parallel 
plane member 1001 and the dif fractive optical element 
1002 are adhered at their peripheral portions, by 
using an adhesive material 1003 which may be an epoxy 
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series adhesive agent, for example. The adhesive 
material may be a methacrylic series or polyester 
series adhesive agent, or may be an organic series or 
inorganic series adhesive agent. The diffractive 
5 optical element 1002 defined on the quartz wafer is 
very thin (with a thickness of a few millimeters or 
less) and, in consideration of it, the groove 1004 is 
formed at the periphery so that the adhesive agent 
does not extend onto the dif tractive pattern. 

10 In this embodiment, depending on the quantity 

of the adhesive agent 1003 used, it may extend into 
the groove 1004 as shown in Figure 19A, or it may not 
extend into the groove 1004 as shown in Figure 19B- 

In accordance with the optical contact, there 

15 may occur a non- contact portion, particularly in the 
outermost peripheral region. Therefore, in order to 
avoid that the adhesive agent extends into the 
interface of optical contact, the groove 1004 may be 
formed at the place closer to the center as compared 

20 with the adhesive agent but outside the effective 
diameter, as shown in Figure 19C-- 

SUfix /W*7 £3^fc^rnatively , as shown in Figure 19D, the 

non-contact portSTen created in the optical contact may 
be bonded by using an adhesive agent- Also in such 

25 occasion, the groove 1004 mcty^bA formed at the place 
closer to the center as compar4dVwith the adhesive 
agent but outside the effective diameter- 



In the structure described above, bonding the 
periphery by adhesion applies a basic fixed strength 
to the dif fractive optical element 1002 and the 
parallel plane member 1001- Also, it applies the 
5 function of vacuum sealing to a vacuum ambience where 
vacuum bonding is used. The surface of the 
dif fractive optical element 1002 having the biassed 
shape may be used as the contact surface. Placing the 
clearance in a vacuum state effectively assures 

10 intimate contact of the central portion of the 

dif fractive optical element to the optical material, 
even in a case where the diffractive optical element 
is disposed downstream of the optical material within 
a projection optical system. 

15 While this embodiment has been described with 

reference to examples of optical contact for the 
adhesion of the central portion of the optical member, 
the whole surface may be adhered by using an adhesive 
agent or, alternatively, only the peripheral portion 

20 may be adhered without the whole surface adhesion. 
£U& AX*] "7 WJiere only the peripheral portion is to be 
adhered/ thegs^Pp v © 1004 should be formed at a place 
closer to the centeisthaii /the adhesive agent ant 
outside the effective diaprH^ter, as shown in Figure 

25 19C. 

With the bonding procedure such as described 
above, a diffractive optical element formed like a 
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thin wafer can be made integral with, another optical 
member, with a result of sufficient bonding strength 
as well as protection of the surface of the 
diffractive optical element - 

Figure 20 is a schematic view of a main 
portion of a further embodiment of the present 
invention. Denoted in Figure 20 at 1005 is a plane- 
convex lens made of quartz, and denoted at 1002 is a 
diffractive optical element defined on a quartz wafer. 
Denoted at 1003 is an adhesive agent- The 
illustration of Figure 20 is a sectional view taken 
along a diametrical direction, passing through the 
center. The plane- convex lens 1005 and the . 
diffractive optical element 1002 are bonded by optical 
contact, like the preceding embodiment . 

A\? 7 figures 21A and 21B are enlarged views of the 
portion B ofVFigure 20- The adhesive agent 1003 is 
provided by anSinorganic series adhesive material of a 
low-melting-pointSglass . The low-melting-point glass 
has good characteristics such as a thermal expansion 



stoics sui 



coefficient, for exampfe, in respect to adhesion of. 
glasses- Thus, in combination with the attracting 
force of vacuum ambience/ cfeampfi of unwanted stress 
or the like due to a change in 'environmental 
temperature or a change in temperature resulting from 
absorption of light by the lens itselfNcan be 
suppressed. 




As shown in Figure 21A ore 2 IB, both of the 
plane-convex lens 1005 and the diffractive optical 
element lOOZvraay be formed grooves 1004- , defining the 
adhesion areai, Where a metal eutectic crystal (Au and 
Al ) is used as an example of inorganic series 
adhesion, both ok the diffractive optical element 1002 
and the plane-convex lens 1005 may be formed with 
grooves of a depth corresponding to the thickness 
(e*g., about 0*1 micron) of the vapor deposition of 
pne metal (Au or Al ) fo^r the eutectic crystal* Metal 
films may be deposited Qn , these grooves, and the 
bonding based on the eutectic crystal may be 
performed- Another example of the bonding process may 
be anodic bonding. A glasswith ions and an 
electrically conduct ive f i lm \nay be formed in film, 
and the bonding may be made through application of an 
electric field* The plane-convex l&ns 1005 or the 
diffractive optical element 1002 \m|^e a'glass with 
ions. As shown in Figure 21A,"^thrf\ grooves may be 
formed only, at the bonding, area, or\ as shown in 
Figure 21B r the groove on the plane-cpnvex lens side 
may be formed wide. 

While the embodiment has been ^described with 
reference to examples of optical contact\ for the 
adhesion of the central portion, the adhesion may be 
made over the whole surface or may be made\ only at the 
peripheral portion* Where the whole surface adhesion 
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i§> -to be made, an inorganic series adhesion process 



base^cm melting bonding of a material, easily usable 
in respect^rs^ticjLHfey be used. Examples of 
materials to be us^L for the melting bonding are 
5 Quartz, CAF 2 / MgF and iTS^ 

A diffractive optical element 1005 may be 
bonded to a plane-convex lens 1005 of Quartz, 
similarly, as shown in Figure 2 0B. . 

With the bonding procedure such as described 
10 above; a diffractive optical element formed like a 

thin wafer can be made integral with another optical 
member, with a result of sufficient bonding strength 
as well as protection of the surface of the 
diffractive optical element. 
15 gjy^V^ 7 T^e inorganic series boding is effective to 

prevent a decrease of efficiency due to degradation of 
the adhesive agent, for example. Further, in the 
structure described above, the optical material that 
assures the strengt h\may be provided by a lens which 
20 constitutes a pro jecti^o^pLcai system. It 
effectively contributes tOv reduction in total 
thickness of the optical members in the whole 
projection optical system, andMnimizes the 
absorption of illumination light. 
25 Figures 23A and 23B are sectional views, 

respectively/ of a main portion of a yet further 
embodiment of the present invention. Denoted in the 



drawings at: 1007 is a p 1 ane- concave lens, and denoted 
at 1002 is a dif f ractive optical element: defined on a 
quartz wafer- Denoted at 1003 is an adhesive agent . 
The p 1 ane — concave lens 1007 and the dif f racti vet 
5 optical element 1002 aire bonded with each other by 
optical contact . 

fi%0 shown in Figure 23A r a groove 1004 is 

formed on trte dif f ractive optical element 1002 side , 
• " • so as to release distortion which may be produced at 

10 the bonding. However; there may be plural grooves 

formed. That is, Vhere the bonding, is to be made by 
using an adhesive agent , as shown in Figure 23B , a 
groove 1004 may be formed on the ,di ff ractive optical 
element 1002 side so asxto release the distortion 

15 which may be produced at tl^e bonding and, 

additionally, another groove \1004 may be formed on the 
plane-concave lens 1007 to preWt extension of the 
adhesive agent . „ In that occasions any residual stress 
created by the force applied at theNboding can be 

20 -. . reduced and, in addition thereto, the \ur face , of the 
dif f ractive optical element can be protected. The 
bonding strength may increase as a result . 

Figures 24A and 2 4B are schematic views, 
respectively, of a main portion of a still further 

25 embodiment of the present invention. Figure 24A shows 
a -case where lenses Ll and 12 are bonded with each 
other, and Figure 24B shows a case where prisms PI and 
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F2*are bonded with each other. The bonding procedure 
may use adhesion of organic series or inorganic 
series such as described hereinbefore, or it may use 
optical contact as described above. A groove for 
5 adhesive agent may be formed outside the effective 

diameter, and, by using an adhesive agent, the bonding 
strength may be improved. Depending on the bonding 
process used, the shape of the groove or the stage of 
the bonding agent may be such as shown in Figures . 25 A' 
p 10 - 25F, As shown in Figure 25F, a groove for 

y\ preventing extension of adhesive agent may be 

El! . ' 1 . ■ . 

provided. 



sion of such groove is effective to 
M- prevent creation'&^clearance or degradation of 




15 flatness due to jutt ing-ota^^f tljf^ adhesive agent, and 
. N assures that the bonding is madrf ohir^at^the groove 

y.:J area, whereby several inconveniences can be^v©i,ded . 

Jlk in accordance with the present invention, an 

optical member such as a dif f ractive optical element 
20 as described above may be incorporated into a portion 
of an optical system of an exposure apparatus such as 
shown in Figure 9, and devices may be produced by 
using it . 

Further embodiments of the present invention 
25 will be described below with reference to Figures 26 - 
58. 

Figure 26 is a sectional view of another 



embodiment . In this embodiment:, a transparent quartz 
material of circular or approximately circular shape 
with a diameter 200 mm and a thickness 20 mm is used 
to provide a parallel plane plate 2020 which is 
completely or approximately free from deformation due 
to any external force- A diffractive optical element 
2021 having a straight or ring-like diffraction 
grating defined on a transparent quartz wafer of a 
diameter 200 mm and a thickness 0,725 mm, is directly 
bonded to the bottom face of the parallel plate 2020 
by optical contact, in the manner that the grating- 
formed face is covered thereby. It is held by a 
holder 2022, and is incorporated into an optical 
system. The thus bonded optical element shows an 
optical performance substantially the .same as of a 
diffractive optical element having a diffraction 
grating defined on a substrate of a thickness 20.725 
mm. Also, since the rigidity is proportional to the 
cube of the thickness and inversely proportional to 
the weight, as compared with a case where it is not 
bonded to the parallel plane plate 2020, the rigidity 
is about 817 times stronger so that a sufficient 
strength is assured. 
2,UJ& "AE^"^ S^guxes 27 and 28 are enlarged and sectional 
views, respectx^^Y^of^^ A ©f Figure 26- The 

diffractive optical element^S2A 2 l^ Yulk** a fine surface- 
step pattern formed with precisioiy through an ordinary 
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S^mi conductor process. In Figures 27 and 28, this 
diW ractive optical element 2021 is illustrated as 
beinb a quantized and approximated four-level binary 
optick. However, the number of quantization (number 
of levels) of the binary optics is not limited to 
four, and\an eight-level or sixteen- level structure 
may be useoS. Alternatively, a Kinoform with blazed 
shape may bemused, with substantially the same optical 

Figure . ;27 shows a case where the plane plane* 
opposite to the face of the element 2021 where the 
surface-step pattern aslormed is bonded to the 
parallel plane plate^|)2*0 . This example is 
advantageous in respeetV to the strength since the 
bonding area is large. On the other hand, as shown in 
Figure 28, the bonding of \he element 2021 may be made 
at the face where the surface-step pattern is formed. 
In that occasion, deposition of dust or foreign 
particles to the surface-step pattern can be 
prevented, and thus the cleaning, may be easy- An 
anti-reflection film of single-layer structure or 
multi layered structure may be formed at the bonding 
face. The topmost layer of such anti-reflection film 
may be provided by an oxide such as alumina, 
particularly, Si0 2 , with a result of eVsy adhesion 
with the parallel plate 2020. 

Figure 29 is a sectional view of ivbonding 
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levice. Fixedly mounted on a rotatable fixing tool 
20^3 is a diffractive optical element chuck 2024. 
Two, \arge and small, ring-like protrusions 2025 and. 
2026 having different diameters are formed on the top 
face of thk chuck 2024, the protrusions being 
protruded upwardly. Between these protrusions 202 5 



and 2026, there, is a discharging outlet port 2027. 
The protrusion 21925 is made slightly lower than the 
protrusion 2026. Mounted on the outside peripheral 
10 surface of the fixing tool 2023 is a parallel plane 
holder 2029 of generally cylindrical shape, having a 
thee-point abutment 202*8, The parallel plane plate 
2020 can he engaged withxthis abutment 2028, by which 
the center of the parallel\plat£ 2020 placed on the 
15 holder 2029 can be brought intcjfJaiTgnment with the 




center of the chuck 2024. Disrooted above the chuck 
2024 is a position measuring mar^scope 202 3. 

The diffractive optical element 2021 provided 
by a quartz wafer having a di f f racti^n grating i s 

20 placed on the chuck 2024 , and, while observing the 
position measuring mark on the diffracrive optical 
element 2021 through the mark scope 203o\ the relative 
position is adjusted so that the center of\the 
diffractive optical element 2021 is aligned v»nLth the . 

25 center of the chuck 2024. Then, airs are discharged 

through the outlet port 2027, by which the diffractive 
optical element 2021 is attracted to the protrusions 

\ 
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S^)25 and 2026, In response, the diff ractive optical 
element 2021 deforms very small 4 into a convened shape. 
The \entering of the diffractive optical element 2021 
may be\raade by using the grating pattern itself, not , 
by usingNa specific mark. The jnark scope 2030 is 
moved out of the bonding device after the measurement, 
to a position, not interfering with the bonding 

After completion of alignment between the 
centers of the dif^ractive optical element 2021 and 
the parallel plate 2&20, the plate holder 2029 is 
moved downwardly. TherL the parallel plate 2020 first 
contacts the center of the diff ractive optical element 
2021- Subsequently, airs are discharged through the 
outlet port 2027 so as to gradually turns the negative 



re x by which the 

1 element 2021 is 



pressure to the atmospheric pressi! 
deformation o£ the diff ractive qj 

released- By this, the contadHf areV between the 
diff ractive optical element 2021 andNthe parallel 
plate 2020 increases gradually, and finally they are 
they are directly bonded with each other\ throughout 
the whole surface. 

The direct bonding metno<3 such as ^described 
above is called ''optical contact" . It the. binding 
method which is based on hydrogen bond betwee\ quartz 
and water, water and water or fluorite and wateV , for 
example (Figure 30A) , or which is based on direc\ bond 
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optical members through the van der Waals force 
(Figure 3GB). This met Hod enables bonding of optical 
raembers^uch as glass or quartz without use of an 
adhesive a^nt or the like. Here, in order to obtain 
a sufficient ^rength^ the surface roughness of the 
bonding* faces ofVtli^ y /£arallel plane plate 2020 and the 
diff ractive opt^aN element 2021 may preferably be 
kept at 5 run or less ^n the mean square and the water 
content may preferably controlled to 10 molecule/cm 
or more . 

Generally, a very small clearance h (Figure 
31 ) is present at the bonding area. When r is the 
radius, <f is the surface energy, E is the modulus of 
elasticity, and t is the thickness, the direct bonding 
is possible as long as they are in a range satisfying 
the following relation: 

h/r 2 < (r/E/t 3 ) 1/2 . ...(10) 

lation (10) above concerns a case where there is a 
clearance h at a single location. However, throughout 
the whole\sujbstrate of a diameter 200 mm, there may be 
a large nnmhg^of clearances, and it is seen that the 
surface roughnessNwhich may be measured by AMF, for 
example, and the wateK^oAteht which may be measured 
by AP IMS , for example, fna^Sprovide a reference. Thus, 
in order to keep the surface rbughness at the 
dif fractive optical element 2021 surface, the 
diffractive optical element 2021 shoulcrbe treated by 
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M>lish±ng, for example; before it: is treated by the 
sein\conductor process, to keep certain substrate 
sur facte roughness. Similarly, during or after the 
treatments, careful attention should be paid to hold 
the surf aceVoughness . 

As regards the surface energy f , for an 
ordinary quartz substrate, it is possible to keep the 
water content at loH molecule/cm 2 and, therefore, a 
sufficient surface energy Jr can be kept. If, however, 
10 the surface is contaminatecL the surface energy may 




become insufficient. In the eab4\)f a hydrophilic 
material such as quartz, the wa^r content may be 
recovered by using a chemical liqurd^or using 
ultraviolet-ray or ozone washing, Fory a hydrophobic 

15 material, after the washing, waters may Vurther. be 

blown against it or any hydrophilic liquid Nreat men t 
may be made to it, to thereby keep the water content. 

By preparing such substrates and by making 
the bonding of them with use of the bonding device 

20 such as shown in Figure 29, they can t>e bonded to each 
other through hydrogen bond or the van der Walls 
force- Here, if excessive water remains between the 
substrates, the bonding strength becomes weak to the 
contrary. Therefore, the water content may preferably 

25 be adjusted before the bonding operation and, 
additionally, a drying treatment at a normal 
temperature or a heating treatment may preferably be 



made after "the bonding operation, to reduce the water 
content- The elimination of contained water may occur 
at a temperature of about 200 - 400 °C and, 
idealistically r the state such as shown in Figure 32 
may result. Practically, however, since there are 
clearances between the substrates, there may remain 
water corresponding to about a few molecules such as 
shown in Figure 33- The bonding strength here may be 
about 10 Kg/cm 2 and, depending on the manner of use, 
the strength may become insufficient. In 
consideration of it, reinforcement may preferably be 
made at the outside peripheral portion outside the 
effective diameter, by using an adhesive agent. 
Alternatively, heating at a temperature of 400 - 1000 
°G may be made to produce a dehydration contraction 
reaction to substitute the hydrogen bond by covalenf 
bond, to thereby enlarge the bonding strength. 

As regards the optical characteristic at the 
bonding face, it is desirable that the loss of 
reflection factor and transmission factor in the 
wavelength used is held at 0.1% or less. if there are 
foreign particles remaining or a large quantity of air 
or water present / the optical performance may not be 
maintained- For this reason, the substrate control 
before the bonding is important hot only in respect to 
the bonding strength but also in regard to, the optical 
characteristic. 



While in this embodiment the same material of 
quartz is used both for the d iff r active optical 
element 2021 and the parallel plane plate 2020, an 
oxide such as alumina or a fluoride such as calcium 
fluoride, lithium fluoride, barium fluoride, magnesium 
fluoride, or. strontium fluoride, for example, may be 
used for the parallel plane plate 2020, to provide an 
optical member for use with a short wavelength. As 
regards an optical member for use with a long 
wavelength, a glass material or a plastic material may 
preferably be used for the parallel plane plate 2020 
to be bonded- Further, for a diffractive optical 
element for use in a catoptric system, metal or 
ceramics such as SiN or SiC, for example, may be used* 
However, use of the same material enables easy bonding 
since the surface state to which hydrogen is to be 
supplied, such as distribution spacing of O-H radical , 
for example, is the same. 

In the manner described above, ah optical 
element with a fine grating pitch, having a double 
rigidity or more, can be manufactured with good 
precision. It can be free from the influence of any 
external force. Thus, when combined into an optical 
system, it shows a good optical performance. Further, 
since direct bonding based on hydrogen bond or van der 
Waals force is, used, the optical element can be used 
stably in an optical system for use with light of a 



-51- 



short wavelength. 

As a modified example of the embodiment of 
Figure 26, a diffractive optical element 2021 having a 
diffraction grating defined on a quartz wafer of a 
5 diameter 300 mm and a thickness 0.775 mm may be 
bonded, by direct bonding as in the preceding 
embodiment , to a parallel plane plate 2020 of a 
diameter 300 mm and a thickness 30 mm. Then, it may 
be incorporated into an optical system, while being 
p 10 held by a holder 2022.; This optical element may 
it= provide an optical performance substantially the same 

XT'* ■ 

#= * • 

as a diffractive optical element of r a thickness 30-775 

@1 mm, and. the rigidity thereof is about 1577 times 

■ y;j ■ - . ' 

Ot higher* / ' * 

* 5 £\Jl& -A24-"7 Riurther, as shown in Figure 34, a diffractive 
optical element 2021 may be directly bonded to a 
x|i parallel plane\plate 2021 with the diffraction grating. 

31- surface thereof racing up. Alternatively, as shown in 

Figure 35, two diffractive optical elements 2021 may 
20 be bonded together atNtheir surfaces opposite to the 
surfaces, on which their <Uf f raofcion gratings are 
formed. As further al ternativfesT^as shown in Figures 
36 and 37, a di f f ractive opti'oal element 2021 may be 
bonded, by direct bonding, to a central portion of a 
25 parallel plane plate 2020 without contact to the 

peripheral portion thereof', and the peripheral portion 
may be held by a holder* 
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Figure 38 sliows another bonding method 
wherein the peripheral portions are bonded together by 
using an adhesive agent. More specifically, the 
outer circumferential side faces of a parallel plane 
5 plate 2020 and a diffractive optical element 2021 may 
be Joined together by an adhesive agent 2031. Figure 
39 is an enlarged view of the bonding area of Figure 
38, . 
^\XB> fi^*^ f Figure 40. shows an example wherein the 
10 surface of a di^lTraic^i ve optic&l element 2021, 

opposite to the surface ±h^^S^^li^&^'t^ di f fraction 
grating is formed, is bonded to a paranre-^jplane plate 
2021 . * . 

A diffractive optical element 2021 as bonded 
15 to a parallel plane plate 2020 having a sufficient 
thickness to obtain ei sufficient strength, can be 
easily polished at its bottom face. More 

specifically, as shown in Figure 41, in a case where a 
workpiece is held by a work chuck 2032 and is polished 

20 by using a lapping machine, it requires a very 

complicated control to keep a constant machining 
pressure as long as the workpiece is a very thin 
wafer. Once the diffractive optical element 2021 is 
bonded to the parallel plane plate 2020 and a 

25 sufficient rigidity is assured, the bottom face 

thereof can be treated easily- In an optical element 
in which the grating surfaces are bonded together., the 
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surface-step pattern can be protected against 
deposit ion of dust or foreign particles. Further, 
after the bonding, both of the opposite surfaces of 
the element are flat and, therefore, the cleaning is 
5 easy. Also, creation of unwanted stress due to a 

temperature change can be reduced. 
Qjfo ~7 Figure 42 is a sectional view of another 

embodiment* >& parallel plane plate 2031 made of 
quartz and havinV a diameter 200 mm and a thickness 
10 0.725 mm and a diffVactive optical element 2033 

provided by a quartz wa^fer of a diameter 200 mm and a 
thickness 0*725 mm are bonded together in accordance 
with the direct bonding method that of the 

embodiment of Figure 26 . It 1*^ Men incorporated into 
15 an optical system while being held b^<a holder 2022. 
As a result, the element 2033 shows an optical 
performance substantially the same as that is^f a 
dif tractive optical element of a thickness l.-£*L mm, 
and a rigidity of about four times higher as compared 
20 with a case where it is not bonded to the plate 203., 

Figure 43 is a sectional view of a further 
embodiment. A parallel plane plate 2034 made of 
quartz and having a diameter 180 mm and a thickness of 
5 - 20 mm and a diffractive optical element 2035 
25 provided by a quartz wafer of a diameter 150 mm (6 
inches) and a thickness 0-625 mm, are incorporated 
into an optical system while being held by a holder 



2022. In tile case where, as in this example, the 
parallel plane plate 2034 is disposed below the 
diffractive optical element with respect to the 
gravity force direction, either they may be bonded 
together or may not be bonded with each other. Also, 
while the outer diameter may preferably be about 180 
mm, since the range through which the light passes 
actually will be a diameter not greater than 150 mm, 
a quartz wafer of a standard size of 150 mm may be 
used and it may be treated by a semiconductor process . 
Since in that occasion there is no necessity of 
machining the outside, diameter after format ion . of , a 
fine pattern, deposition of dust or particles due to 
the cutting operation or the like can be, avoided. 

Figure 44 is a sectional view of a further 
embodiment, A parallel plane plate 2036 made of 
fluorite (GaF 2 ) and having a diameter 170 mm and a 
thickness 30 mm and a diffractive optical element 2037 
provided by a quartz wafer of a diameter 150 mm (six 
inches) and a thickness 0.625 mm are bonded together 
in accordance with the direct bonding method like that 
of the embodiment of Figure 26. It is then 
incorporated into an optical system while being held 
by a holder 2022, If the parallel plane plate 2036 
is disposed below the diffractive optical element 2 037 
with respect to the gravity force direction, like the 
embodiment of Figure 43/ either they may be bonded 



-together or they may not be bonded to each other. To 
the contrary, the diffractive optical element 2037 may 
be disposed below the parallel plate with respect to 
the gravity force direction and may be bonded thereto 
by direct bonding. The bonding area may be on the 
surface where the surface-step pattern is formed, or 
it may be on the surface where such pattern is not 
formed- When the direct bonding is to be executed, a 
bonding device such as shown in Figure 29 may be used 
and the bonding may be made on the basis of hydrogen 
bond or van der Waal s force. Since fluorite is higher 
in polarity than quartz, ion bond may be included. 
Also, since the transmission factor at the shorter 
wavelength side is higher, an element of larger 
thickness may be used- 

As shown in Figures 45-47, an anti- 
reflection film 2038 of a single-layer structure or a 
multilayered structure may foe provided at the bonding 
area. Figure 45 shows an example where an anti- 
reflection film 2038 is formed on a parallel plane 
plate 2036 made of fluorite- The topmost layer of 
this ant i- reflection film 2038 may comprise an oxide 
such as alumina or Si0 2 / for example. This enables 
easy bonding since, in that occasion, the state of the 
surface to which hydrogen is to be supplied and of the 
diffractive optical element 2037 made of quartz is 
closer as compared with the distribution spacing of 



# 
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the O-H radical, for example* 

Figure 46 shows an example where an anti- 
reflection film 2038 is formed on a diffractive 
optical element 2037 made of quartz. The topmost 
5 layer of this anti-reflection film 2038 may comprise a 
fluoride such as calcium fluoride, lithium fluoride, 
barium fluoride, magnesium fluoride, or strontium 
fluoride, for example. This enables easy bonding 
since, in that occasion/ the state of the surface to 
10 which hydrogen is to be supplied and of the parallel 
J;! plane plate made of fluorite is closer as compared 

gi with the distribution spacing of the O-H radical, for 

Pi ■ ■ ' ' ' * ' 

example . 

" ■ Figure 47 shows an example where both of a 

5 15 diffractive optical element 2037 made of quartz and a 
?j parallel plane plate 2036 made of fluorite are 

W provided with anti-reflection films 203S . The topmost 

layers of these anti-reflection films 2038 may be made 
of the same material or materials of the same series, 
20 that is, oxides or, alternatively, fluorides, for 
example. This enables easy bonding since, in that 
occasion, the state of the surface to which hydrogen 
is to be supplied (e.g., distribution spacing of the 
. O-H radical) is the same. 
25 Figure 48 is a sectional view of a still 

further embodiment- A parallel plane plate 2039 made 
of fluorite and having a diameter 220 mm and a 
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thickness 20 mm and. a diffractive optical element 2040 
provided fc>y a fluorite wafer of a diameter 200 mm 
(eight inches) and a thickness 0.725 mm are bonded 
together in accordance with the direct bonding method 
like that of the embodiment of Figure 26. It is then 
incorporated into an optical system while being held 
by a holder 2022. In this case, the diffractive 
optical element 2040 may be disposed below with 
respect to the gravity force direction. If. direct 
bonding is to be executed, a bonding device such as 
shown iii Figure 29 may be used and the bonding may be 
made on the basis of hydrogen bond or van der Waals 
force- Since fluorite is higher in polarity than 
quartz, the proportion of ion bond is larger, Also, 
since the transmission factor thereof in the shorter 
wavelength region is higher-, an element of larger 
thickness and a shorter wavelength may be used. In a 
case where short wavelength light of a wavelength not 
greater than 170 nm, such as F 2 laser light (157 nm) 
for example, is to be used, use of fluorite or a 
fluoride such as magnesium fluoride may be . . . 

advantageous in respect to the transmission factor, 
for example- 

Figures 49 - 52 are. sectional views of 
further embodiments, respectively. A diffractive 
optical element 2041 having a diffraction grating 
defined on a quartz wafer or a fluorite wafer with a 
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diameter 200 mm (eight inches) and a thickness 0.725 
mm, is used. A supporting member to which the optical 
element is to be bonded may comprise a plane-convex 
lens, a plane-concave lens, a plane-aspherical lens, a 
prism, or a mirror, for example - 

>• kigure 49 shows an example wherein the 

optical elemW 2-041 is bonded to a plane-convex lens 
42 made of a fruorite material with a diameter 220 mm. 
Figure 50 shows arK example where the optical element 
10 2041 is bonded to a Vane-convex lens 2043 made of 

quartz and having a diameter 200 mm, Figure 51 shows 
an example where the optical element 2041 is bonded to 
|J a plane-aspherical lens 2044^m1l£e of a fl.uorite 

m material and having a diameter 2'0.O mm. Figure 52 

15 shows an example where a diffract iv\ optical element 
?1 2045 comprising a rectangular substratev of. a size 150 

RJ x 200 mm, being made of quartz and liavingNa thickness 

0.725 ram, and a cylindrical lens 2046 of a si^ e 150 x 



m 

m 



200 mm being made of quartz , are bonded togethi 
20 in the examples of Figures 49 - 52, likexhe 

embodiments described hereinbefore, either the two 
members may be bonded together by direct bonding or 
they may not be bonded with each other. By combining 
the optical element with another member having an 
25 optical characteristic as described above, not only a 
sufficient rigidity is assured but also an increase in 
the optical path length of the glass materials of the 
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whole optical system can be reduced or suppressed. 

f&%7 figure 53 is a sectional view of a yet 
further embodiment- This embodiment can be applied to 
a catoptric We optical system, A parallel plane 
5 plate 2047 madk of SiC and having a diameter 220 mm 
and a thickness 3p mm and a diffract! ve optical 
element 2048 provided by a quartz wafer of a diameter 
200 mm (eight inches\ and a thickness 0-725 mm are 
bonded together in accordance with the direct bonding 
10 method like that of the embodiment of Figure 26'-. It . 
is then held by a holder 20^9 of a catoptric system. 
Since no optical character! stive |L cequired for this ' 
parallel plane plate 2048, a ^m^^rVal of SiC having a 
relatively small thermal expansionVoef f icient , a good 
= 15 rigidity and a good thermal conduct i vslty ( is. used in 
Tj this example. However , other ceramics Materials or 

W metals may be used. Even for a reflection type 

y3 dif fractive optical element 2048 such as described 

. above v an optical element with a fine gratiny pitch, 
20 having a good strength of about twice or higher 

rigidity, can be produced with good precisionl It can 
be free from the. influence of any external fo^ce, and 
can be incorporated into an optical system- 
Figures 54 - 57 are sectional views of 
25 further embodiments, respectively, A dif fractive 

optical element 2051 haying a diffraction grating 
defined on a quartz wafer or a fluorite wafer with a 



m 
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diameter 200 mm (eight inches) and a thickness 0.725 
nun, is used. Figure 54 shows an example wherein two 
parallel plane plates 2052 of a. diameter 200 mm and a 
thickness 20 mm are bonded to the opposite faces of 
5 the dif tractive optical element 2051- This 

effectively prevents deposition of dust or foreign 
particles to the surf ace- step pattern, and easy 
cleaning is assured. Figure 55 shows an example 
wherein a parallel plane plate 1052 having a diameter 
10 200 mm and a thickness 10 mm and a plane-convex lens 

2053 made of fluorite and having a diameter 225 mm are 
adhered to the opposite faces of the diffractive 
optical element 2051. 

Figure 56 shows an example wherein two plane- 
15 convex lenses 2053 made of fluorite and having a 

diameter 200 mm are bonded to the opposite faces of 
the diffractive optical element 2051. Figure 57 shows 
an example wherein a plane-convex lens 2053 made of 
guartz or fluorite and a plane-concave lens 2054 made 
20 of quartz and having a diameter 200 mm are bonded to 
the opposite faces of the diffractive optical element 
2051- In the examples of Figures 54 - 57, like the 
embodiment of Figure 44, either the members may be 
bonded by direct bonding or they may not be bonded 
25 with each other. 

By adhering members to the opposite faces of 
a diffractive optical element 2051 as described above. 



deposition of dust or foreign particles to the 
surface-step pattern can t>e prevented effectively, and 
easy cleaning is assured. Further, when the member or 
members to be bonded have optical characteristics, not 
only a sufficient rigidity is assured but also an 
increase in the optical path length of the glass 
materials of the whole optical system can be reduced 
or suppressed. 

Figure 58 is an enlarged view of a portion of 
an optical system in a semiconductor exposure 
apparatus, A diffractive optical element 2056 as 
being reinforced in the manner such as described above , 
is incorporated into the optical system which is held 
by a barrel 2055. As, compared with, conventional 
diffractive optical elements, the diffractive optical 
element 2056 of this embodiment provides a rigidity of 
twice or more- Therefore, any deformation by weight, 
any deformation resulting from non-unif ormness at the 
contact portion of the barrel 2055, due to the 
machining precision, or from distortion during the 
mounting due to the force applied by the fixation, or 
any deformation caused by a change in pressure or 
temperature can be reduced or removed. Additionally, 
since the plane deformation can be avoided and 
aberration can be made small, the optical performance 
is improved significantly. Thus, .the performance as 
designed can be provided. 



Further , as compared with an optical system 
using dioptric elements only, the number of lenses can 
be reduced. Therefore , absorption of light by glass 
materials can be reduced, and deformation of lenses 
due to absorbed. heat or a change in refractive index 
thereof can be prevented or reduced. Further, since 
correction of chromatic aberration is easier, the 
bandwidth of laser light can be broadened, and the 
power of laser light can be used efficiently. Even if 
there occurs any change in environment of a 
semiconductor exposure apparatus, shift of the focal 
point position can be minimized, such that pattern 
transfer with good precision is assured. 

The exposure apparatus shown in Figure 58 may 
be used to perform the exposure process in the device 
manufacturing procedure, shown in the flow charts of 
Figures 16 and 17, 

A dif f ractive optical element such as 
described with reference to the preceding embodiments 
may be bonded together with another member or members 
into an integral structure, by which the rigidity can 
be enlarged. As result, any deformation by weight, 
any deformation resulting from non-unif ormness at the 
contact portion of a barrel due to the machining 
precision, or from distortion during the mounting due 
to the force applied by the fixation, or any 
deformation caused by a change in pressure or 



temperature can be reduced or removed* It: can be 
incorporated into, an optical system without plane 
deformation, and can be used in an optical system for 
use with shorter wavelength light stably. 

Further embodiments of the present invention 
will be described in detail , with reference to Figures 
59 - 75- 

Figures 59 and 60 are sectional views of 
a further embodiment, respectively. A fixing tool 
3011 is made rot at able without fluctuation of its 
rotary shaft 3010 by means of an air bearing. A 
diffractive. optical element chuck 3012 is mounted on 
the fixing holder 3011. Mounted on the outside face 
of the fixing holder 3011 is. a lens holder 3013 of 
approximately cylindrical shape. Two, large and 
small, ring-like . protrusions 3014 and 3015 having 
different diameters, are provided on the top surface 
of the chuck 3012, the protrusion being protruded 
upwardly. A discharging outlet port 3017 is formed 
between these protrusions 3014 and 3015, to attract a 
diffractive optical element 3016 having a diffraction 
grating defined on a quartz substrate. Both of the 
protrusions 3014 and 3015 have diameters smaller than 
the outermost peripheral pattern of the diffractive 
optical element 3016. The smaller protrusion 3015 
having a smaller diameter has a height larger by 50 
microns than that of the larger protrusion 3014. 
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Disposed above the chuck 3012 and "the lens 
holder 3013 is. an observing system for setting the 
center of the diffractive optical element 3016, which 
observing system is placed with eccentricity with 
5 respect to the rotational shaft 3010. In this 

embodiment, the observing system comprises a mark 
scope for reading an alignment mark or marks. 
Further, there are a laser measuring system 3020 and a 
mirror 3021, for measuring the distances to the top 

i*i 10 and bottom faces of a refraction lens 3019, for 
alignment of the lens 3019 to be set on the lens 

§1 holder 3013 . 

m ' g ^A2^"7^" figure 61 is a flow chart for explaining the 
jfj; bonding procedure.. The diffractive optical element 

* 15 3016 is place^on the chuck 3012, and airs are 

SI discharged outwardly through the outlet port 3017, 

^L s . whereby the optica^ element is held fixed by 

ft attraction. Here, s'isnce a negative pressure is 

produced in the space b^tweeni the two protrusions 3014 
20 and 3015, the portion of tfee>m£f tractive optical 

element 3016 exposed to the'iWative pressure deforms 
toward the chuck 3012. As a result of this, moments 
are created at the outside peripheral portion of the 
diffractive optical element 3016, and\he central 
25 portion of the diffractive optical element: 3016 rises 
by a very small amount, while the contact p^int with 
the protrusion 3015 functions as a fulcrum. 



Subsequently, for positional adjustment of 
the dif f ractive optical element 3016, the fixing 
holder 3011 is rotated by a predetermined angle to 
change the orientation of the diffractive optical 
element 3016- Then, the marks M (Figure 62) of the 
dif tractive optical element 3016 are measured by using 
the mark scope 3018, and, on the basis of it, the 
center of the dif f ractive optical element 3016 is 
brought into alignment with the center of the 
rotational shaft 3010 of the holder 3011, 

First, the dif f ractive optical element 3016 
is rotated sequentially each by 90 deg . , and the 
amount of ^deviation between the marks M in orthogonal 
directions is calculated. Since the marks M are 
formed at equidistant positions from the center of the 
diffractive optical element 3016, the half of a 
positional difference between the marks M as measured 
while holding the mark scope 3016 position fixed 
corresponds to the amount of deviation. Then, by 
moving the chuck 3012 relative to the holder 3011, any 
eccentricity between the diffractive optical element, 
3016 and the holder 3011 is removed, 

While, in this example, specific marks M are 
used to set the center of the diffractive optical 
element 3016, these marks M may be those specifically 
'prepared for measurement of the center of the 
diffractive optical element 3016, or those marks 



having be^n used, for the patterning for the formation 
of the dif tractive optical element 3016 may be used as 
the marks M - As a further alternative, a pattern 
adjacent to the outside periphery of the dif tractive 
optical element 3016 , such as circular portions A 
(Figure 63) may be measured in place of the marks M- 
The marks M may be formed outside the effective 
diameter of the dif f ractive optical element 3016 r or 
they may be formed inside the effective diameter (at 
the central portion, for example) . 

As regards the observing system for setting 
the. center of the dif tractive optical element 3016, a 
plurality of observing systems. may be provided with 
their positions calibrated beforehand. These 
observing systems may be used simultaneously or with 
partial overlap, to shorten the time required for the 
observation step. Alternatively, a single observing 
system whose position is calibrated beforehand with 
respect to the rotational shaft 3010 of the fixing 
holder. 3011 may be disposed with respect to the center 
of the rotational shaft 3010 of the holder 3011, and 
the measurement may be made by using it . 

After alignment of the dif f ractive optical 
element 3016, the refractive lens 3019 made of quarts 
is placed on the lens holder 3013, and an alignment 
operation and a bonding operation are performed / 
First, the refractive lens 3019 is placed in alignment 
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with a desired position- The measurement of 
eccentricity of the refractive lens 3019 is made, 
initially, at two points which are eccentric with 
respect to the optical axis, by measuring the 
distances to the top and bottom faces of it with use 
of the laser measuring system 3020- As regards these 
two measurement points, relative alignment of them 
with respect to the rotary shaft 3010 of the holder 
3011 has been performed before the operation- Thus/ 
any eccentricity and tilt of, the optical axis center 
of the refractive lens 3019 with respect to the rotary 
shaft 3010 of the holder 3011 appears as the 
difference in distance to the surface of the 
refractive lens 3019. As the holder 3011 is rotated, 
an amplitude signal being synchronized with the 
rotation of the refractive lens 3019 is produced. 
Thus r by removing the eccentricity in regard to both 
of the top and bottom faces, the optical axis of the 
refractive lens 3019 can be brought into alignment 
with the rotary shaft 3010 of the. holder 3011. 

As regards the smoothness or roughness of the 
surface of the optical element to be bonded/ it may be 
0.8 w 0.9 rim in terms of square mean in the range of 
spatial frequency of about 1x10^ no* /mm, and it may be 
0.2 - 0.3 nm in terms of square mean in the range of 
about 2-3 no ./mm. 

After removing the eccentricity of the . 
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diffractive optical element 3016 and the refractive 
lens 3019, the lens holder 3013 is moved down so that 
they are brought into contact with each other. Here, 
from the central position to be contacted first, there 
5 occurs a bonding phenomenon based on hydrogen bond, 
and an interference fringe due to clearance is 
observed at the interface of the bonding area- After 
the center is contacted, the negative pressure for 
attracting the diffractive optical element 3016 is 

10 turned gradually to the atmospheric pressure, whereby 
the diffractive optical element 3016 is released and 
the deformation is gradually removed. As the 
deformation becomes smaller, the hydrogen bond expands 
from the center to the peripheral portion. Finally, 

15 the whole surface of the diffractive optical element 
3016 is bonded to the refractive lens 3019 (optical 
contact ) - 

SUB A%0 T **^ bonding surface of the diffractive 

optical elemenK30l6 should be maintained free of 

20 contamination by pa^Mxles, for example ♦ If 

contamination is there, rMiay cause defective 
bonding, called "void", and cltoing is necessary. 
Also, as regards the attracted wat^fefeewfeent at the 
surface of quartz which is influential tbv^the hydrogen 

25 bond, only the environment in storage should be cared 
regardless of the cleaning method. Usually, it 
about 10 13 molecule/cm 2 , no particular problem will be 
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eatrs^d with respeciy to the level - 

Since the dif f ractive optical element 3016 
contacts to the holder 3011 only at its peripheral 
portion, even in a case where the bottom face (not a 
5 diffractive surface) is to be bonded, that is/ when 

the surface having been treated by microprocessing is 
disposed at the. chuck 3012 side, there does not occur 
contact between the chuck 3012 and the diffract ive 
surface having been treated by microprocessing. Thus, 
^ 10 good bonding is accomplished. 

S^fc- - Vften a lens as bonded such as described above 

fl i s used, it\nay be used in the state of hydrogen .bond, 

jgi or it may be treated by heating to improve the bonding 

force. One of SOJ (silicon on insulator) techniques 
* 15 having been reported, is a cementing SOI technique, 
Si . and/ generally, when, ishe heating treatment is 

'% performed xtl the state d€ hydrogen bond, the state of 

w bonding changes to covalenk bond. In the period until 

complete covalent bond is accomplished, the state may 
20 be considered as being coexist e^cfeUaf hydrogen bond 
and covalent bond. The bonding sft^ength increases 
with the increase of temperature in tShe heating 
process. Even wit*i an optical glass containing an 
ordinary Si0 2 material as a major componeitt , a si milar 
25 procedure may be adopted to obtain good bondisng. 

Ficrure 64 is a sectional view of another 
embodiment. A diffractive optical element 302 2 is^ 
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hVld fixed by a fixing tool 3023^ through a 
piezoelectric device 3024. A chuck 3022 is provided 
with aSring-like protrusion 302 5, being protruded 
upwardly At the top end of the holder 3023, there is? 
a pressing member 3026 which is mounted detachably. t 

When \he dif tractive optical element 3016 is 
fixed on the chuck 3022, it contacts first to the 
ring-like protrusion\3025 which is placed at a higher 
level than the other components. After this, the 
pressing member 3026 is put on the diffractive optical 
element 3016, from the abovfe> and the pressing member 
is then held fixed on the hol\r 3023 by using fixing 
screws, not shown. Then, a volt^e/Wapplied to the 
piezoelectric device 3024, so as^Tpress the chuck 

3022 upwardly relative to the holder \3023- In this 
embodiment , to cause deformation of thk diffractive 
optical element 3016, the chuck 3022 and\the holder 

3023 move relative to each other. As a result of ; 
this , moments are produced at the circumferential 
portion of the diffractive optical element 301S6 being 
in contact with the ring-like protrusion 3025 ad^ the 
pressing member 3026, by which good bonding with 
refractive lens (not shown), for example, is 
accomplished. 

The chuck 3022 and the holder 3023 may be 
made into an integral structure while omitting the 
piezoelectric device 3024, such that only tightening — 
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the fixing screws of the pressing member 3021 can 
produce^^ormation of the diffractive opt ical element 
3016.. However/^sfi of the piezoelectric device 3024 
may be preferable in that^itj^sures stability of 
operation for applying uniform^ d&formation regardless 
of the skill of the operator, for example . 

Since the diffractive optical element 3016 
contacts to the holder 3023 only at its peripheral 
portion, even in a case where the bottom face (not a 
diffractive surf ace) is to be bonded, that is, when 
the surf ace having been treated by microprocessing is 
disposed at the chuck 3022 side, there does not occur 
contact between the chuck 3022 and the diffractive 
surface having been treated by microprocessing. Thus,, 
good bonding is accomplished - 

Figure 65 is a sectional view of a yet 
further embodiment. A pin 3029 is mounted 
substantially at the center of a fixing tool 3027 
through a piezoelectric device 3028. At the top of 
the side face of the holder 3027, there is an 
attracting groove 3030 formed in a ring-like shape. A 
discharging outlet port 3031 is connected to the 
attracting groove 3030. 

A diffractive optical element 3016 as placed 
on the holder 3027 is attracted to the attracting 
groove 3030 being maintained in a negative pressure by 
evacuation through the outlet port 3031, After 



position adjustment is performed,, a process for 
c out acting the contact surface (not shown) with the 
plane of a refractive lens (not shown) is performed. 
In this process, a voltage is applied to the 
piezoelectric device 3028 so that the pin 3029 is 
protruded upwardly beyond the level of the attracting 
groove 3030, In response, due to the difference in 
level between the attracting groove 3030 and the pin 
3029, the central portion of the diffractive optical 
element 3016 is deformed into a convex shape, whereby 
the central portion is brought into contact with the 
refractive lens (not shown). 

Since in this embodiment the diffractive 
optical element 3016 contacts to the holder 3027 only 
at its peripheral portion, even in a case where the 
bottom face (not a diffractive surface) is to be 
bonded, that is, when the surf ace having been treated 
by microprocessing is disposed at the holder 3027 
side, the area of contact of the diffractive surface 
having been treated by microprocessing is limited to 
the that of the pin 3029. Thus, good bonding is 
accomplished. 

Figure 66 is a sectional view of a further 
embodiment , A diffractive optical element 3016 is 
bonded to a parallel plane plate 3032, not to a 
refractive lens. Mounted on the side face of the 
fixing holder 3011, like that of the embodiment 



described hereinbefore, is a parallel plate Holder 
3034 having a three-point abutment 3033 for 
positioning the parallel plane plate 3032. The 
diffractive optical element 3016 is made of quartz, 
and it has a position measuring mark. 
A — * — ' diffractive optical element 3016 is 

placed on tlie chuck 3012 and, by using a mark scope 
3018, adjustment is performed so that the center of 
the diffractive \ptical element 3016 is brought into 
alignment with the\center of the chuck 3012* Due to 
the negative pressure between protrusions 3014 and 
3015, the diffractive optical element 3016 is 
attracted to the chuck 3042. Due to the protrusions 
3014 and 3015, the central ^portion of the diffractive 
optical element 3016 deforms ^by a very small amount. 
The centering of the diffractive optical element 3016 
may be made by using the pattern \f the diffractive 




optical element itself- After the M^s.uarement , the 
mark scope 3018 moves outwardly of the^ bonding device 
to a place not interfering with the bonding operation. 

As the parallel plane plate 30 32^is mounted 
on the three-point abutment 303 3 of the holder 3034, 
the center of the chuck 3012 and the center of^ the 
parallel plane plate 3032 are registered with e^ch 
other- After aligning the diffractive optical element 
3016 with the center of the parallel plane plate 30*32, 
first the parallel plane plate 3032 contacts With the*s 
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^nter of the diffractive optical element 3016. By 
tuning the negative pressure between the protrusions 
3014' and ■ 3015 gradually toward the atmospheric 
pressurV deformation of the diffractive optical 
element 30is6 is released and thus the diffractive 
optical element 3016 and the parallel plane plate 3032 
are gradually contacted with each other, whereby they 



aire bonded by direc 
plane plate holder 3Q 



in^. Use of the parallel 
ing, the abutment 3033 
enables good bonding withNthe parallel plane plate 
3032 with respect to which tne measurement of its 
central position is difficult td\attain because of the 
shape thereof . . 

Figures 67 and 68 are sectional views of a 
still further embodiment . Mounted on a fixing tool 
3041 which is rotatable about its rotary shaft 3040 is 
a holder 3042 having a cylindrical circumferential 
portion. Another fixing tool 3043 is detachably 
mounted on the side face of "the holder 3041. A ring- 
like plane plate 3044 is movably mounted on the top of 
the fixing holder 3043. and a ring-like attracting 
groove 3045 is formed in the ring-like plate 3044, 
with the groove facing down. The holder 3042 supports 
a. plane -convex lens 3046, for example. A diffractive 
optical element 3016 is held through attraction by the 
attracting groove 3045 of the ring-like plate 3044. 
At the peripheral position above the diffractive 
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optical element 3016 and the plane-convex lens 3046, 
-there are a mark scope 3047 and a micrometer. Also/ a 
pressing pin 3049 is held by a bar 3050 r substantially 
at the central position. , 
5 In Figure 67, the plane-convex lens 3046 is 

placed on the holder 3042 of the fixing tool 3041 with 
its convexed surface facing down- The probe of the 
micrometer 3048 contacts with the plane surface at the 
top of the lens 3046, In a case where the optical 
10 axis of the lens 3046 is deviated with respect to the 
rotational shaft 3040 of the fixing holder 3041, the 
value as represented by the micrometer 3048 varies 
with rotation of the fixing holder 3041 as a whole 
about its rotational shaft 3040. Thus, the position 
15 of the plane-convex lens 3046 is corrected so that the 
'spit,- output value of the micrometer 3048 is stabilized even 

Mjf with rotation of the whole fixing holder 3041 and, by 

y!i doing so, the optical axis of the lens 3046 can be 

aligned with the rotational shaft 3040. 
20 fl^7 \Subsequently, as shown in Figure 68, the 

holder 3043 Wing the dif f ractive optical element 
3016 attracted to^fejie attracting groove 3046 is 
mounted on the tool 304^,, so that *the dif f ractive 
optical element 3016 is di spo sed j^ posed to the flat 
25 face side of the lens 3046. Thejp^ffractive optical 
element 3016 is controlled with a distance of about a 
several ten microns to the flat face of the v plane- 
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pnvex lens 3046. In this state, the tool 3041 as a 
whdOe is rotated by a predetermined angle to change 
the ^dentation of the diffractive optical element 
3016, sufch ttiat marks of the diffractive optical 
& 5 element 30P6 can he measured by the mark scope 3047. 
f fi Then, like the embodiment described hereinbefore, the 

diffractive optiscal element 3016 is sequentially 
rotated each by 90\deg , , and the amount of deviation, 
of the marks in orthogonal directions is calculated, 
10 If the marks are formed at equidistant positions from 
the center of the diffractive optical element 3016, 



mi 



then a half of the positi^n|i 4$viation of the marks 




as observed through the ^pS^vation system being fixed 
corresponds to the amount of* eccentricity . By moving 

15 the ring-like plate. 3044 relative to the tool 3041; 

any eccentricity of the diffractive optical element 
3016 with respect to the rotational\shaft 3040 of the 
holder 3041 can be removed. 

Thereafter, the central portion of the; 

20 diffractive optical element 3016 is pushed upwardly by 
the pressing pin 3049 , such that the central portion 
is first brought into contact with the plane-convex 
lens 3046. Subsequently, the diffractive optical 
element 3016 being attracted to the attracting groove 

25 3045 of the ring-like plate 3044 is gradually released 
so that the whole bonding area is brought into contact 
with the lens. By this, good bonding is accomplished. 



Figure 69 is a sectional view of a still 
further embodiment. A dif tractive optical element and 
a separate optical element are made into an integral 
structure in accordance with any one of the processes, 
or devices having, been described with reference to the 
p rece ding five embodiments. After this, the optical 
element is combined with a yet further optical element 
into an integral structure. Upper and lower frames 
3051a and 3051b are movably coupled with each other by 
using a hinge 3052 • Fixing holders 3054a and 3054b 
are connected to the upper and lower frames 3051a and 
3051b, respectively, through elastic members 3053a and 
3053b, respectively.' These fixing holders 3054a and 
3054b are formed with attracting grooves 3055a and 
3055b, respectively. 

With the arrangement described above, after a 
diffractive optical element 3016 and a plane-convex 
lens 3046 are combined into an integral structure, a 
separate plane-convex lens 3046 may be combined to it, 
as shown in Figure 70. Alternatively, as shown in 
Figure 71, after a diffractive optical element 3016 
and a plane-convex lens 3046 are combined into an 
integral structure, a plane-concave lens 3056 may be 
combined to it. The order of bonding of these 
elements into an integral structure may be reversed . 

A diffractive optical element 3016 and a 
plane-convex lens 3046 may be bonded together in 
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accordance with any one of the preceding five 
embodiments, and then they are placed on and held by 
the holder 3054a or 3054b while a negative pressure is 
produced in the attracting groove 3055a or 3055b. 
5 Alignment of the elements with respect to the holder 

3054a or 30 54b may be performed in accordance with any 
one of the methods of the preceding five embodiments. 
For example, , if the diffractive optical element 3016 
is made into an integral structure, the marks for 
10 setting the center of the diffractive optical element 
3016 or the outside peripheral pattern thereof may be 
used. Alternatively, the alignment process may be 
\ made on the basis of the shape of the lens 3046, For 
example, the side face may be measured and the 
alignment process may be performed on the basis of the 
side face or the outside diameter thereof. Both the 
top and bottom faces thereof may be used. 

When the lenses 3046 are held by the holders 
3054a and 3054b, the inside flat surfaces of the 
20 holders 3054a and 3054b having attracting means with 
the attracting grooves 3055a and 3055b as well as the 
two surfaces of the lenses 3046 are used to perform 
position adjustment. Wore specifically, a laser 
interferometer is used to measure the respective, 
25 distances between the inside flat surfaces of the 
attracting means and to the surfaces of the lenses 
3046* A position where the distances from the inside 



flat surfaces to the surfaces of the lenses 3046 on 
the sides facing the holders 3054a and 3054b, 
respectively, are equal to each other, is determined 
as a measurement point. The holding positions for the 
lenses 3046 are adjusted so that, at the thus 
determined measurement point, the distances between 
the top and bottom surfaces of the lenses 3046, that 
is r the lens thicknesses, become equal to each other. 
By doing so, the centers of the ring-like supporting 
members of the holders 3054a and 3054b, having the 
attracting grooves 3055a and 3055b, are registered 
with each other. Thus, the centers of the optical 
elements when combined together, can be registered 
with each other. 

£^£4 7 Bwbsecjuently, the frames 3051a and 3051b are 
moved pivotaaly around the hinge 3052 to bring the 
optical elements into contact with each other* Here, 
if, in the state, where the virtual planes of the 
holders 3054a and\3054b, supporting the optical 
elements, are placeotv in parallel to each other, the 
distance between thesd\virjkual planes are made smaller 
than the thickness of th^Jtkn^ 3046 , then the contact 
of the optical elements ijb>initiated from the portions 
close to the hinge 3052- ItNis to be noted here that, 
even if non-uniform contact is Vtarted; deformation of 
the elastic members 3053a and 3055(t> can absorb 
discrepancy in geometrical arrangement T 



In accordance with this embodiment, a 
combination of a plane-convex lens 3046 and a plane- 
concave lens 3056 (Figure 72 ) , a combination of 
plane-convex lenses or a combination of plane-concave 
lenses, not shown, can be accomplished. Further, as 
shown in Figure 73, spherical lenses 3057 and 3058 can 
be bonded together at their surfaces with the same 
curvature. .while this embodiment has been described 
with reference to an. example wherein the third member, 
to be bonded is whole-surf ace bonded from a non- 
parallel state to a parallel state, a similar 
procedure may be adopted when a diff ractive optical 
element is combined with another member into an 
integral structure- With this method, substrates of 
large thicknesses can be bonded together. 

. Figures 74 and 75 are sectional views of a 
yet further embodiment. The 4 structure is similar to 
that of the embodiment of Figures 67 and 68 * A 
diff ractive optical element 3016 is bonded with a 
parallel plane plate 3032, not with a plane- convex 
lens. In Figure 74, a parallel plane plate 3032 is 
placed on a holder 3042 of a fixing tool 3041, and a 
probe of a micrometer 3048 contacts the side face of 
the parallel plate 3032, if the center of the 
parallel plate 3032 is deviated with respect to the 
rotational shaft 3040 of the fixing holder 3041, the 
value as represented by the micrometer 3048 varies 
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with rotation of the fixing holder 3041 as a whole. 
Thus, the position of the parallel plate 3032 is 
corrected so that the output value of the micrometer 
3048 is stabilized even with rotation of the whole 
5 fixing holder 3041 and, by doing so, the center of the 
plate 3032 can be aligned with the rotational shaft 
3040. 

Qjfe A*>5 7 Subsequently, as shown in Figure 75 , the 
diffractivA optical .element 3016 and the parallel 
Q 10 plane plate 3X)32 are disposed opposed to each other, 
j|i and the dif f raojive. optical element 3016 is held by. 

2! the attracting g^ove 3045. The diffractive optical: 

§1 element 3016 is controlled with a distance of about .a 

gj; several ten microns tfe the parallel plane plate 3032. 

L 15 In this state, the tool\304l as a whole is rotated by 
,y a predetermined angle to change the orientation of the 

yj| diffractive optical element NaOl 6, such that marks of 

the diffractive optical elemerk 30E6 can be measured 
t»y the mark scope 3047. Then<^lfe^the embodiment 
20 described hereinbefore, the diff raqtive optical 

element 3016 is sequentially rotated N^ach by 90 deg. , 
and the amount of deviation of the marJcs in orthogonal 
directions is calculated. When two marks^in 
orthogonal directions and at equidistant positions 
25 from the center of the diffractive optical element 
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3016 are measured by using the mark scope 3047\having 
its position held fixed, . then a half of the positional 
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deviation of the marks corresponds to the amount of 
eccerJfericity . By moving trie ring-like plate 3044 
relative tbv^he tool 3041, any eccentricity of the 
dif f ractive opti^^p^snt 3016 with respect to the 
rotational shaft 304CJor^ttjeiiolder 3041 can be 
removed. 

Thereafter, the central portion of the 
dif f ractive optical element 3016 , is pushed by a 
pressing pin 3049, such that the central portion is 
brought into contact with the parallel plane plate 
3032- Subsequently , the diffractive optical element 
3016 is gradually released, from the attracting groove 
3045, whereby the contact : extends throughout the whole 
bonding area. Thus, good bonding is accomplished. 
15 S**& A3£~V r ^ s Lil& ma " terial to. be bonded, use may be made 
of a fluoride such as fluorite or quartz (e.g., 
lithium fluoride, barium fluoride, magnesium fluoride, 
or strontium fluoride) . In that occasion, if quartz 
is bonded by deformation, it can be done without any 
inconvenience. In a c^se where fluorite having a 
Young's modulus close to\hatlpf quartz is deformed, a 
similar procedure as havincf-*TSfeen described with 
reference to the preceding sever^embod intents may be 
used to perform good bonding based bri hydrogen bond. 
^ Fluoride materials as f luoriteV e . g . , lithium 

fluoride, barium fluoride, magnesium fluoride, or 
strontium fluoride) may be bonded together. iK^that 
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pccasion, even fluorite may be deformed in accordance 
wi\:h the procedure having been described hereinbefore, 
and gpod bonding based on hydrogen bond may be 
accomplished similarly. 

super-pure water of 0-05 cc may be dropped 
onto the surface to be bonded, and it may then be 
contacted to as, refract ive lens- Since in this state 
the optical elements to be bonded together may 
relatively shift easily, they may be held in a dry 
ambience gas while Dyeing fixed by a holder. While it 
may be different depending on the ambience, after 
elapse of a few hours Vr several ten hours, hydrogen 
bond with excessive wateW being removed may be 
accomplished, such that optical components may be 
bonded together tightly* VJ/o^ing to experiments 
made by the inventors, it has-been confirmed that, if 
heating treatment is psrformed in addition to holding 
the elements in a dry ambience\ gas , excessive water 
can be removed in a shorter timk period. 

In the embodiment described above, optical 
elements being bonded by hydrogen bond may be placed 
in a closed casing filled with a nitrogen gas 
ambience, and a . pressurizing treatment nt^y be made to 
it. This is effective to increase the bonding 
strength- , 

While the invention has been described with 
reference to the structures disclosed herein, it is 



not confined -bo the details set forth and this 
application is intended to cover such modifications 
changes as may come within the purposes of the 
improvements or the, scope of the following claims- 



